INTRODUCTION
The attentional blink effect [1] refers to a de®cit in reporting a target following the identi®cation of a previous target in a rapid serial visual presentation (RSVP) stream. In the most common procedure a sequence of letters is displayed serially at high speed (e.g. 50 ms/item). Performance is compared in two conditions: in a dual-task condition participants are instructed to identify the single white letter (the target) in the stream and to detect the presence of a probe (e.g. an X) following the white letter at various intervals. In a single-task baseline condition, participants are instructed to detect the probe and to ignore the white letter. In the dual-task condition there is an impairment in detecting the probe when it follows within 500 ms of the target. No defect in the detection of the probe is found in the single task condition suggesting that probes are not simply masked by targets. Though most authors agree that the blink is due to capacity limitations on visual processing [2±5], the locus of this limitation is still unclear. For Chun and Potter [2] the blink is the result of capacity limitations inherent to consolidation of the target into short term memory. In contrast, for Ward et al. [6] it re¯ects the time to re-allocate focal attention from the initial target to the subsequent probe. To date two main levels of capacity limitations have been investigated: short-term memory and response selection. The memory account states that the processing of the probe is postponed while the target is being consolidated [2] or transferred into short term memory [3] to be reported at the end of the stream. The consolidation of the target, once engaged, prevents the onset of consolidation for the probe, leading to a blink effect [4] . Consistent with this account, Ward et al. [6] asked subjects to report 0, 1 or 2 digits from a ®rst stimulus and then to identify a letter following the digits at various intervals. They found that increasing the number of digits to be reported increased the duration of interference on the second target (the letter). In contrast, manipulating the number of attributes to be reported from a single ®rst object (e.g. the color, the identity or both the color and the identity of a digit) did not affect the duration of interference, suggesting that interference does not result from response based limitations. Jolicoeur [4] examined whether response selection on the target affected the duration of the blink. He showed that increasing the period of response selection (2 vs 4 response alternatives on the target) increased the duration of the blink. The central interference theory [4] states that the fundamental operation producing the blink effect is the postponement of the short term consolidation of the probe. According to the theory, certain stages of processing on the ®rst target like short-term consolidation, retrieval from long term memory, mental rotation and response selection, require central processing. While central processing on the target is underway other operations that also require central processing must wait because only one such operation can be performed at a time. In contrast, operations that do not require central processing, like sensory and perceptual encoding on the probe can take place while central operations are executed on the target.
Of most relevance for the present study, Shapiro et al. [7] tested whether target identi®cation is critical to produce an attentional blink effect. Performance on probe detection was compared in a classical paradigm requiring the identi®cation of a white letter as target, and also when detection tasks were performed on the target. Participants were asked to detect the presence or absence of either a white letter, a white S, a black S within black letters or a random dot pattern (in Experiment 4). The authors reported a blink of equal magnitude and duration for identi®cation and detection tasks when the target was a visual stimulus (either a letter or a dot pattern) but the blink was eliminated when participants were asked to detect the presence or absence of a temporal gap as the target. This result suggests that the blink may require extraction of visual pattern information to occur.
The present study uses a neuropsychological approach to examine whether failure to encode the ®rst target would result in a lack of an attentional blink. We tested two patients (HJA and JPC) who have been described as cases of integrative visual agnosia [8±11]. Both patients are severely impaired at recognizing objects presented either as outlines or as colored photographs but they have relatively normal recognition of individual letters. We ®rst examined the blink effect with the classical paradigm involving streams of letters. We then used the same procedure but with pictures of objects as stimuli. We expected an attentional blink of normal duration with letters as stimuli. If identi®cation is critical then no blink should be observed with pictures. If a blink arises then the effect can be attributed to attentional resource being engaged on the selection of the target.
MATERIALS AND METHODS

Subjects:
The partcipants were two visual agnosic patients (HJA and JPC) and four age-matched controls (PG, BP, LE and AL). HJA was 77 years old at the time of testing. His controls PG and BP were respectively 68 and 65 years old. JPC was 45 years old. His controls LE and AL were respectively 46 and 50 years old. HJA suffered from a stroke in 1981 that produced a small bilateral lesion in the occipito-temporal region of the brain. He has never recovered his full ability to recognize objects. HJA's case is documented in Ref. [8] and the following data are given by Riddoch et al. [10] . JPC's visual agnosia was also caused by a cerebral haemorrhage in the occipito-temporal region [11, 12] . Neuropsychological tests have shown impaired color, face and object recognition while identi®cation of individual letters is spared. Their short-term visual and verbal memories are intact (verbal digit span: 6 for HJA and 5 for JPC, visuo-spatial span (Corsi block test): 5 for both HJA and JPC)
Stimuli: The stimuli were the 26 uppercase letters of the alphabet and 120 colored pictures of objects taken from children books. The mean size was 130 3 130 pixels. Each letter was displayed in black on a grey background except for the target which appeared in white. The probe was the letter X. For pictures, eight semantic categories were represented: four-legged animals, birds, fruits vegetables, vehicles, furniture, tools and clothes. Each category contained 15 different objects. Each of the 120 pictures was displayed as target on a white background and as distractor on a grey background. The probe was an item belonging to none of the eight semantic categories, a globe ( Fig. 1) .
Apparatus:
The stimuli were displayed on the screen of a portable 166 MHz PC (DELL) computer. Viewing distance was $35 cm.
Procedure: A ®xation dot was displayed for 500 ms and followed by a stream of 15 items which were centrally displayed. The target (T1) appeared randomly at position 2, 3 or 4 in the stream. The probe appeared randomly at serial positions 2, 4, 6, 8 or 10 after the target. A mask was presented at the end of each sequence. Performance was compared in two conditions: (1) a dual-task condition in which participants were asked to identify the target and to detect the probe and (2) a single task condition in which participants were asked to detect the probe and to ignore Fig. 1 . An example of the sequences of stimuli used for letters and for pictures. Streams of 15 items were displayed centrally. The target (the white letter or the picture on a white background) appeared randomly at serial positions 2, 3 or 4. The probe (the letter X or the globe) appeared randomly at serial positions 2, 4, 6, 8 or 10 following the target. A mask was displayed at the end of the sequence. The mask was the signal for subjects to report the identity of the target and the presence/absence of the probe in the dual-task condition, or only the presence/absence of the probe in the baseline single-task condition.
the target. 240 sequences were presented in each condition: 120 sequences contained a probe. There were 24 trials for each position of the probe. With pictures as stimuli the target and the distractors belonged to the same semantic category. In the dual task condition the identity of the target and the presence/absence of the globe were typed on the keyboard by the experimenter at the end of each stream. The exposure times of the stimuli were determined by a pilot experiment on blocks of 80 trials. The exposure time was ®xed at 255 ms/item separated by a blank interval of 51 ms both for letters and pictures for HJA. It was ®xed at 136 ms/item separated by a 68 ms blank interval for letters and 255 ms/item separated by a 136 ms interval JPC. The same exposure durations were used for the control subjects. Given that the blink has been shown to be sensitive to practice [13, 14] the control subjects were different for letters and for pictures as stimuli. HJA and JPC were tested on letters ®rst and then on pictures.
Prior to the experiment participants were presented with the 120 pictures and asked to name them. Exposure time was unlimited. This naming task was designed to ensure that all pictures could be identi®ed and given the same name. The two control subjects (BP and AL) identi®ed the 120 pictures. HJA identi®ed correctly 29/120 pictures and JPC identi®ed 15/120 pictures. Following the naming task participants were presented with a picture on a white background and told that this background colour de®ned the target. The patients were then presented with the globe (the probe) and asked to memorize its shape. To ensure that they were able to detect the globe the patients started with the single-task condition.
RESULTS
Attentional blink for letters Identi®cation of the white letter in the dual-task was 92.3% correct for HJA and 96% correct for his control PG. JPC's performance was higher than that of his control LE: 98.2% vs 92% correct identi®ca-tion. The number of false alarms in probe detection was low for the four subjects (HJA 2%, control PG 4%; JPC 5%, control LE 1%). Figure 2 shows the mean percentage of trials in which the probe was detected correctly as a function of the serial position of the probe relative to T1. Two blink functions are displayed for HJA and JPC: one based on all trials and one based on the trials in which the target was correctly identi®ed. ÷ 2 values were computed for each serial position of the probe in the dual-task condition (for trials on which the target was identi®ed correctly) and in the baseline single-task condition. A blink was observed for all subjects. absolute level of probe detection, its duration was no more prolonged.
Compared with the baseline single-task condition, the patient JPC's probe detection performance was signi®-cantly impaired in the dual-task condition only at serial position 2 (÷ 2 (1) 4.86, p , 0.027). The blink effect was slightly longer for LE than for JPC. A signi®cant difference in performance between the single-task and the dual-task was found for serial positions 2 (÷ 2 (1) Table 1 . No false alarms were observed for the patient JPC and for the controls BP and AL. Only HJA produced 5% false alarms in the detection of the probe.
Given the low number of correct identi®cations of the target in the dual-task condition ÷ 2 on probe detections were computed on all trials (i.e. whether the target was identi®ed or not). .07, p , 0.001). We also compared performance for trials in which the target was identi®ed and the probe detected and for trials in which the target was not identi®ed and the probe was detected. The percentage of correct detections of the probe was higher when the target was not identi®ed than when the target was identi®ed (see Fig. 3 Fig. 3 , the magnitude and the duration of the blink was smaller when the target was not identi®ed than when it was identi®ed.
DISCUSSION
With letters as stimuli the duration of the blink was 612 ms for both HJA and his control PG. It lasted 204 ms for JPC and 408 msec for his control. The duration of the blink was slightly longer than normal for HJA and his control PG and of larger magnitude for HJA (Fig. 2) . This might be related to the mere presence of cerebral pathology for HJA. Husain et al. [15] and Richer and Lepage [16] reported a Fig. 3 . The percentage of correct probe detections (number of correct detections/24 3 100) in the dual-task condition in trials in which the picture on a white background was correctly identi®ed (black squares), in trials in which it was not identi®ed or misidendi®ed (white squares) and in trials in which the patients gave a basic category name for the target (white triangles) as a function of the serial position of the probe in the sequence. The single-task condition is represented as a dashed line. longer blink for neurologically impaired patients than for controls with letters as stimuli. It might also be due to aging. Although prior results on the effects of dual-task loads on elderly subjects are equivocal, at least some studies have reported that load effects increase with age.
Simpson et al. [17] compared performance for young and old adults in a dual-task in which subjects were required to perform a lexical decision and to respond to an auditory probe presented at various SOAs. They found that for older adults lexical decision was slower than in young subjects in the dual-task condition compared to a single lexical decision task. Nevertheless, the magnitude and the duration of the blink effect for HJA appeared relatively close to the control for letters, and in marked contrast to the data for the same patient with pictures. It is interesting that performance with letters remained relatively good given that HJA shows letter by letter reading [8] . Here it appears that poor letter identi®cation, per se, may not be a major factor in his de®cit [18] . With pictures, both patients fared badly. Irrespective of whether target pictures were identi®ed, there was a marked prolongation of the blink for both patients relative to the controls. The blink lasted . 3 s for HJA and JPC (306 ms for HJA's control and 391 ms for JPC's control). In addition, for the patients the blink was particularly severe on trials where they identi®ed targets and also when they gave basic category names for the target (Fig. 3) . This suggests that either the patients took an abnormally long time to select the stimuli visually, to select an appropriate response, or to consolidate the stimuli into short-term memory. On trials where target pictures were not identi®ed it may be that none of the pictures were visually selected, activated a response or were consolidated into visual short-term memory, so that processing of the probe was less delayed on those trials. Nevertheless, a reliable blink was found. Identi®cation is not critical to the blink, though prolonged identi®cation processes can increase the blink.
From the literature on normal subjects it is still unclear whether the blink is induced by the degree of perceptual analysis required on the target or from capacity limitations at the level of memory. Perceptual encoding of the target has been examined in previous studies through manipulations of target/distractor visual similarity and masking. Results have shown that the magnitude of the blink is affected by the target/distractor discriminability [2, 19, 20] . Similarity between target and distractor stimuli could increase the time taken for visual selection, prolonging the blink. This may also be an important factor in the performance of the patients, who show strong effects of visual similarity on target identi®cation (e.g., with the great majority of their target misidenti®cations being visual in nature; see Table 1 ). Dif®culties in selecting the target due to target/distractor visual similarity can account for the larger blink when the target was identi®ed than when it was not identi®ed.
Isaak et al. [21] proposed an interference account based on the idea that the blink re¯ects competition among multiple RSVP items for the same perceptual and cognitive resource. According to this account, attention to an object for the purpose of identi®cation procuces a pattern of interference called the dwell time, lasting about 500 ms in normal subjects, on the processing of subsequent stimuli. When the probe appears within T1's dwell time the critical items (the target, the probe and the item following each of them) compete for processing resources thus reducing the accuracy of the probe's report. In contrast, when a response for the target has been selected then the probe's developping representation is immune to interference. The large blink found for non identi®ed targets might then re¯ect dif®culties in response selection to the target, either due to interference by visually similar distractors or, most likely for non identi®ed targets, due to dif®culties in accessing the appropriate representation in memory.
In conclusion, the data indicate that there can be an increased perceptual blink for agnosic patients relative to controls, particularly for stimuli that the patients ®nd dif®cult to identify (pictures rather than letters). The de®cit is particularly marked on trials where target identi®cation has been successful. There appears to be slowed response selection or access to the target's representation in memory for these patients and this prolongs the blink. Nevertheless, even when identi®cation of the target did not occur, a reliable attentional blink was found. This indicates that target identi®cation is not necessary, but it can contribute to the magnitude of the blink. 
